Traditional anti-icing/de-icing systems, i.e., thermal and pneumatic, in most cases require a power consumption not always allowable in small aircraft. Therefore, the use of passive systems, able to delay the ice formation, or reduce the ice adhesion strength once formed, with no additional energy consumption, can be considered as the most promising solution to solve the problem of the ice formation, most of all, for small aircraft. In some cases, the combination of a traditional icing protection system (electrical, pneumatic, and thermal) and the passive coatings can be considered as a strategic instrument to reduce the energy consumption. The effort of the present work was to develop a superhydrophobic coating, able to reduce the surface free energy (SFE) and the work of adhesion (W A ) of substrates, by a simplified and non-expensive method. The developed coating, applied as a common paint with an aerograph, is able to reduce the SFE of substrates by 99% and the W A by 94%. The effects of both chemistry and surface morphology on the wettability of surfaces were also studied. In the reference samples, the higher the roughness, the lower the SFE and the W A . In coated samples with roughness ranging from 0.4 and 3 µm no relevant variations in water contact angle, nor in SFE and W A were observed.
Introduction
Typically, the presence of tiny pieces of ice or supercooled liquid water in the clouds, which remain liquid below zero and suddenly turn to ice after the impact with the aircraft surfaces, are the main sources of ice deposition during a flight. The presence of ice on surfaces alters the airflow over the wing and tail, and then reduces the lift force that keeps the plane in the air. This potentially causes aerodynamic stall, a condition that can lead to a temporary loss of control of the aircraft. In order to prevent or reduce the ice formation or alternatively to remove the ice once it was formed, anti-icing and de-icing systems are usually adopted. Currently the thermal and pneumatic types represent the most largely employed systems. In details, the thermal system melts the ice accretion or prevents the ice from forming by the application of heat on the protected surface of the wing. The heat is generated by the hot air "bled" off the jet engine into piccolo tubes routed through wings, tail surfaces, and engine inlets. The spent bleed air is then exhausted through holes in the lower surface of the wing. Similarly, the electro-thermal systems use resistive circuits buried in the airframe structure to generate heat
Materials and Methods
The developed superhydrophobic coating was prepared starting from the formulation described in a previous work [19] and slightly modified in order to improve its durability. In this regard, other details about the performed changes cannot be disseminated in this manuscript. Once prepared, several layers of the developed coating were applied with an aerograph on substrates representative of the M28 air intake. The dehumidified air was pressured at three bar; whereas the other application parameters, such as the layers' number, the curing temperature and the distance between the aerograph and samples were optimized in order to guarantee uniformity in the coating's thickness and weight.
The substrate samples, 5 × 5 cm 2 in dimensions, made of stainless steel 12H18N10T (same composition of the M28 air intake), and having roughness ranging from 0.7 to 4.6 µm, were provided by METROL (a partner of the Clean Sky project). The effect of the substrate roughness on the final properties of the coating in terms of wettability and adhesion of the coating on the substrate were studied.
Roughness of substrates before and after the application of the coating was measured by employing a SAMA SA6260 surface roughness meter. Roughness measures, performed according to the ISO 4288 [20] , were reported as Ra, which represents the arithmetic average of the absolute values of the profile height deviations from the mean line. ID samples was correlated to the correspondent roughness values in Table 1 . Contact angles (CA) were calculated according to Young's equation [21] (see Figure 1 ):
where θ is the contact angle, γ LV and γ SV are the liquid and solid surface free energy, respectively, whereas γ SL is the solid/liquid interfacial free energy. The schematic illustration of the equilibrium among involved forces according to the Young equation is shown in Figure 1 .
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Figure 1.
Schematic illustration of an ink drop on a solid substrate with the surface free energy and the contact angle as described by Young's equation [21] .
The contact angle measurements were performed at room temperature in compliance with the ASTM D7490-13 [22] standard, using water (H2O) and diiodomethane (CH2I2). The Surface Free Energy (SFE) was calculated according to the Owens Wendt (OW) method [23, 24] , for which the surface energy of a solid is the sum of two components, a dispersive and a polar one. The dispersive component theoretically accounts for the Van der Waals and other non-site specific interactions between the surface and the applied liquid, whereas the polar component accounts for the dipole-dipole, dipole-induced dipole, hydrogen bonding, and other site-specific interactions [25] . Schematic illustration of an ink drop on a solid substrate with the surface free energy and the contact angle as described by Young's equation [21] .
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The contact angle measurements were performed at room temperature in compliance with the ASTM D7490-13 [22] standard, using water (H 2 O) and diiodomethane (CH 2 I 2 ). The Surface Free Energy (SFE) was calculated according to the Owens Wendt (OW) method [23, 24] , for which the surface energy of a solid is the sum of two components, a dispersive and a polar one. The dispersive component theoretically accounts for the Van der Waals and other non-site specific interactions between the surface and the applied liquid, whereas the polar component accounts for the dipole-dipole, dipole-induced dipole, hydrogen bonding, and other site-specific interactions [25] . The polar and dispersive components of the reference liquids are listed in Table 2 . Tests were carried out by depositing ten drops of 3 µL of each liquid on the sample surface. According to the OW method [23] , the interfacial solid/liquid energy can be evaluated as:
which, combined with the Young equations, gives the following:
Therefore, the polar (γ p s ) and dispersive (γ d s ) components of the solid SFE are given as solution of the following non-linear system:
and θ 1 , θ 2 are the SFE components of the two reference liquids and the corresponding contact angles between the solid and the liquids, respectively.
Although the SFE's components can be known through the literature (Table 2) , the contact angles have to be experimentally evaluated through several measures. That determines a stochastic nature of the contact angles and therefore of the solutions of the equation system (4) .
So, to assess the SFE problem, a third reference liquid, i.e., the Formamide (HCONH 2 ), was introduced in order to reformulate the initial problem in terms of the following nonlinear programming problem: where a Gaussian distribution of the contact angles was assumed in order to statistically characterize them through the mean value (E[θ 1 ], E[θ 2 ], E[θ 3 ]) and the standard deviation (σ θ 1 , σ θ 2 , σ θ 3 ). The stated optimization problem allowed determining the θ 1 , θ 2 , θ 3 contact angles that identify the SFE components, which minimize the third Equation (5) , taking into account the measure variability and the constitutive Equations (4) of the considered liquids.
Applying the described method to the reference liquids reported in Table 2 , the constraints (5a) were linearized simplifying the complexity of the problem that has been solved in Matlab/Simulink environment. The developed Matlab tool provides (as output) the values of the three best contact angles θ 1 ,θ 2 ,θ 3 , along with the values of the polar and dispersive components of the solid's SFE.
As an additional crosscheck, the determined optimal contact angles, namely, θ 1 ,θ 2 , instead of the mean values of the experimentally measured angles measured with Water and Diiodomethane, were introduced in the widespread linearized equations [19] [20] [21] [22] [23] [24] [25] [26] : (6) and the required polar and dispersive components of the solid SFE, were obtained as the graphic solution of the equations system (6) through the intercept point between the two straight line (r 1 and r 2 ) identified by the following angular coefficients and points:
Once calculated the polar and dispersive components, the required solid SFE was assessed, as:
whereas the Work of Adhesion (W A ) can be calculated as:
or equally as:
Finally, the Surface Polarity (SP) was calculated as:
The Young Equation (1) is valid for smooth surfaces or substrate having very low roughness, but when the roughness is too high to be neglected, the equation should be corrected taking into account the actual surface morphology. Two different models can be useful to describe the wetting of textured surfaces, i.e., the Wenzel and Cassie-Baxter (Figure 2a ,b respectively) models. In details, the Wenzel model [27, 28] proposed a correction factor "r" for contact angle on rough surfaces, which is equal to the Aerospace 2020, 7, 2 6 of 17 ratio of rough interfacial area over flat interfacial area under the droplet. Substituting the roughness ratio factor "r" in the Young's Equation (1), one can obtain the Wenzel's equation [28] , i.e., cos θ * = r cos θ (12) where θ* and θ are the contact angles of a droplet on a rough surface and on the corresponding smooth surface, respectively. Wenzel's model assumes no air-trapping under droplet, which may not necessary be true. Cutting and tape test were carried out, according to the ASTM D 3359-09 standard [30] , by making a grid incision with a specific cutter on the coated samples and then by applying an adhesive tape to cover the cut area. The test adhesive was vigorously removed and the involved area was inspected. According to the ASTM D 3359-09 [29] , the test passes if the area involved in detached flakes of coating at intersections is less than 15%.
Sample morphology, measurements of nanoparticle size and of coating thickness, were carried out using a field emission SEM Tescan Mira3 (Tescan Orsay Holding, Brno-Kohoutovice, Czech). Samples were observed in as-realized conditions, without metallization on the observed surface.
Surface 3D morphology and the corresponding roughness were assessed by using the laser profilometer Ametek Talyscan 150. The scanning area for 3D surface reconstruction was 40 × 40 mm 2 (800 profiles with 5 microns resolution), acquired with a scanning velocity of 10,500 microns/s.
Results and Discussion

Substrates' Roughness of Substrates
Roughness of substrates measured with the SAMA SA6260 surface roughness meter, before and after the application of the coating, were compared in Figure 3 . It highlights that, in general, the application of the coating reduces the original roughness. This especially for samples 1-6, for which the values of the coated samples' roughness vary in the range 0.4-0.6 µm, in spite of the substrates' roughness ranging from 0.7 to 1.5 µm, whereas, for samples 7-9, the application of the coating reduces the original roughness from 4-4.5 to about 3 µm. On the contrary, the Cassie-Baxter model [29] allows to estimating the contact angle on rough surface with air-trapping, through the following equation:
where ϕ S is the area ratio of liquid-air interface to the whole interface; θ* and θ are the contact angles with and without considering air-trapping. Cutting and tape test were carried out, according to the ASTM D 3359-09 standard [30] , by making a grid incision with a specific cutter on the coated samples and then by applying an adhesive tape to cover the cut area. The test adhesive was vigorously removed and the involved area was inspected. According to the ASTM D 3359-09 [29] , the test passes if the area involved in detached flakes of coating at intersections is less than 15%.
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Roughness of substrates measured with the SAMA SA6260 surface roughness meter, before and after the application of the coating, were compared in Figure 3 . It highlights that, in general, the application of the coating reduces the original roughness. This especially for samples 1-6, for which the values of the coated samples' roughness vary in the range 0.4-0.6 µm, in spite of the substrates' roughness ranging from 0.7 to 1.5 µm, whereas, for samples 7-9, the application of the coating reduces the original roughness from 4-4.5 to about 3 µm.
Roughness of substrates measured with the SAMA SA6260 surface roughness meter, before and after the application of the coating, were compared in Figure 3 . It highlights that, in general, the application of the coating reduces the original roughness. This especially for samples 1-6, for which the values of the coated samples' roughness vary in the range 0.4-0.6 µm, in spite of the substrates' roughness ranging from 0.7 to 1.5 µm, whereas, for samples 7-9, the application of the coating reduces the original roughness from 4-4.5 to about 3 µm. 
Application of Coating
The aerograph setting parameters were varied and optimized in order to guarantee uniformity in terms of thickness and weight of the applied coating. Here, as an example, two different setting parameters, labelled as Procedure 1 and Procedure 2, are described; the corresponding schematics are shown in Figure 4 . They differ 
The aerograph setting parameters were varied and optimized in order to guarantee uniformity in terms of thickness and weight of the applied coating. Here, as an example, two different setting parameters, labelled as Procedure 1 and Procedure 2, are described; the corresponding schematics are shown in Figure 4 . They differ mostly in the samples orientation with respect to the aerograph spray and in the drying temperature, whereas the layers' number, the coating formulation, and the substrates were the same. After the application, measures of contact angle with water at room temperature were carried out. It was found that Procedure 1 is able to produce samples with contact angle of 124 • , whereas Procedure 2 gives surfaces with a water contact angle of 155 • ( Figure 5 ). This difference is probably due to the different morphologies because of the diverse application procedures.
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coating's thickness, are shown in Figure 7a ,b, respectively. It seems that the two samples display some differences in both coating thickness and morphology. Sample 7 in Figure 7b , in fact, has a coating thickness higher than sample 2 shown in Figure 7b (see values in Table ) , with a mean value of 190 µm vs. 127 µm. Moreover, sample 7 coating appears to be more uniform in thickness and morphology than the sample 2 coating, and with less amount of large and localized voids. Hence, it seems that the roughness is able to improve the coating's uniformity. 
Contact Angle Measurements
The measures of the contact angles acquired with H 2 O and CH 2 I 2 were reported as function of the substrate roughness in Figures 8 and 9 , respectively. Some representative drop pictures caught during the measures were overlapped. It should be noted that, for the reference samples, the water contact angle is almost constant with a substrate roughness up to 1.8 µm beyond that, as expected [31] , it increases as the roughness increases, reaching a value of about 100-115 • for the highest value of measured roughness, i.e., 4.6 µm. The increasing of the contact angles with the roughness of metallic substrates can be ascribed to the changes in morphology. Other authors [31, 32] also observed this behavior with maximum values of the achieved contact angles at about 120 • C [31] . Indeed, it was found that in order to achieve higher values of contact angles without modifying the surface chemistry, it is necessary to scale down the surface roughness into the sub-micron range, by creating specific and regular pillar-like structures having circular, square, triangle, crossed or fractal-like shapes [33] . On the contrary, the combination of substrate roughness and low SFE can be seen as a synergic approach able to achieve contact angle mean value of 158 • (Figure 8 ). Additionally, it was also found that both the original and the actual sample roughness (Figures 3 and 8) do not affect the achieved contact angle, since, in spite of the roughness value, the contact angle value does not change.
The same uniformity in the achieved values of the contact angles was observed for measurements performed with CH 2 I 2 in coated samples (Figure 9 ). Here, the mean value of the contact angles in coated samples is 148 • , regardless of the substrates (0.7-4.6 µm) and the actual roughness (0.3-3.2 µm) of the samples. chemistry, it is necessary to scale down the surface roughness into the sub-micron range, by creating specific and regular pillar-like structures having circular, square, triangle, crossed or fractal-like shapes [33] . On the contrary, the combination of substrate roughness and low SFE can be seen as a synergic approach able to achieve contact angle mean value of 158° (Figure 8 ). Additionally, it was also found that both the original and the actual sample roughness (Figures 3 and 8) do not affect the achieved contact angle, since, in spite of the roughness value, the contact angle value does not change. The same uniformity in the achieved values of the contact angles was observed for measurements performed with CH2I2 in coated samples (Figure 9 ). Here, the mean value of the contact angles in coated samples is 148°, regardless of the substrates (0.7-4.6 µm) and the actual roughness (0.3-3.2 µm) of the samples. 
Surface Free Energy and Work of Adhesion
The solid SFE and the WA of both uncoated and coated samples were plotted in Figure 10a ,b, respectively, as a function of the substrates' roughness. 
The solid SFE and the W A of both uncoated and coated samples were plotted in Figure 10a ,b, respectively, as a function of the substrates' roughness.
roughness. Corresponding pictures are also shown.
The solid SFE and the WA of both uncoated and coated samples were plotted in Figure 10a ,b, respectively, as a function of the substrates' roughness. It was found that the solid SFE of the reference samples varies between 44 and 54 mN/m, for roughness values ranging from 0.7 to 2 µm, whereas for roughness of 4 µm the SFE becomes 38 mN/m (Figure 10a) . Similarly, the WA varies between 108 and 122 mN/m, assuming a value of 69 mN/m for the sample at 4 µm in roughness. For samples having roughness higher than 4 µm, results cannot be achieved without taking into account the actual surface roughness, e.g., through Equations (12), (13) , or more complex relationship, i.e., those described in ref. [33] . Indeed, it was found that roughness higher than 4 µm the Equations' system (4) did not give a solution, so no intersection of the two curves can be observed in graphs of Figure 11b . On the contrary, for lower values of the contact angles, the Equation system (4) reached solutions, as shown in Figure 11a as an example. It was found that the solid SFE of the reference samples varies between 44 and 54 mN/m, for roughness values ranging from 0.7 to 2 µm, whereas for roughness of 4 µm the SFE becomes 38 mN/m (Figure 10a) . Similarly, the W A varies between 108 and 122 mN/m, assuming a value of 69 mN/m for the sample at 4 µm in roughness. For samples having roughness higher than 4 µm, results cannot be achieved without taking into account the actual surface roughness, e.g., through Equations (12) and (13), or more complex relationship, i.e., those described in ref. [33] . Indeed, it was found that roughness higher than 4 µm the Equations' system (4) did not give a solution, so no intersection of the two curves can be observed in graphs of Figure 11b . On the contrary, for lower values of the contact angles, the Equation system (4) reached solutions, as shown in Figure 11a as an example. The authors decided not to further investigate samples at high values of roughness, since values higher than 4 µm are out of interest for aeronautical applications.
On the other hand, the flat trend for SFE and WA was seen for coated samples (Figure 10b ), since all values scatter around 0.38 mN/m for the SFE and around 6.1 mN/m for the WA. This result reflects the uniformity of the water contact angle values measured in spite of the original and actual roughness values: the latter changing between 0.3 and 3 m (Figure 3) . These trends can be better highlighted if results are reported as a function of  the solid SFE (Figure 12 ). For the reference samples (Figure 12a) , it was found that, as expected, the higher the contact angle, the lower the SFE and the WA. Since this result was achieved by varying the roughness of substrates alone, it can be concluded that it can be ascribed to the surface morphology (MORPHOLOGICAL EFFECT). On the contrary, for coated samples, no changes in terms of water contact angle and WA, along with almost no variations in the solid SFE (Figure 12b ) can be observed, in spite of the actual roughness of substrates. Therefore, it should be concluded that, for the analyzed samples, the chemical modification of the surfaces prevails on the morphological aspect (CHEMICAL EFFECT). The authors decided not to further investigate samples at high values of roughness, since values higher than 4 µm are out of interest for aeronautical applications.
On the other hand, the flat trend for SFE and WA was seen for coated samples (Figure 10b ), since all values scatter around 0.38 mN/m for the SFE and around 6.1 mN/m for the WA. This result reflects the uniformity of the water contact angle values measured in spite of the original and actual roughness values: the latter changing between 0.3 and 3 m (Figure 3) . These trends can be better highlighted if results are reported as a function of the solid SFE (Figure 12 ). For the reference samples (Figure 12a) , it was found that, as expected, the higher the contact angle, the lower the SFE and the WA. Since this result was achieved by varying the roughness of substrates alone, it can be concluded that it can be ascribed to the surface morphology (MORPHOLOGICAL EFFECT). On the contrary, for coated samples, no changes in terms of water contact angle and WA, along with almost no variations in the solid SFE (Figure 12b ) can be observed, in spite of the actual roughness of substrates. Therefore, it should be concluded that, for the analyzed samples, the chemical modification of the surfaces prevails on the morphological aspect (CHEMICAL EFFECT).
contact angle, the lower the SFE and the WA. Since this result was achieved by varying the roughness of substrates alone, it can be concluded that it can be ascribed to the surface morphology (MORPHOLOGICAL EFFECT). On the contrary, for coated samples, no changes in terms of water contact angle and WA, along with almost no variations in the solid SFE (Figure 12b ) can be observed, in spite of the actual roughness of substrates. Therefore, it should be concluded that, for the analyzed samples, the chemical modification of the surfaces prevails on the morphological aspect (CHEMICAL EFFECT). The geometrical and chemical effects on the wettability of surfaces were also observed by Kam et al. [31] . They found that the maximum contact angle achieved with nano-microstructured metallic surfaces was 110°, whereas the combination of the surface geometry and its chemical modification with silanes allowed to additionally modify the wettability of surfaces, since the contact angles reached values higher than 140°.
Finally, in Figure 13 the polar and dispersive components of the surface free energy, and the WA assessed for the reference and the coated samples were compared. It highlights that the WA was reduced by 94%, the solid SFE by 99%, and the SP by 100%, since after the application of the coating, it changes from 34 to 0%. The geometrical and chemical effects on the wettability of surfaces were also observed by Kam et al. [31] . They found that the maximum contact angle achieved with nano-microstructured metallic surfaces was 110 • , whereas the combination of the surface geometry and its chemical modification with silanes allowed to additionally modify the wettability of surfaces, since the contact angles reached values higher than 140 • .
Finally, in Figure 13 the polar and dispersive components of the surface free energy, and the WA assessed for the reference and the coated samples were compared. It highlights that the WA was reduced by 94%, the solid SFE by 99%, and the SP by 100%, since after the application of the coating, it changes from 34 to 0%.
Aerospace 2020, 7, x FOR PEER REVIEW 12 of 17 Figure 13 . Polar and dispersive components of the SFE and the WA for the references and the coated samples.
3D samples' Morphology
The SEM images of coated samples 2 and 7 (Table 1) , acquired at different magnifications (125-500,000×) are displayed in Figure 14 and Figure 15 , respectively. It highlights that at the lowest magnification (125×), both samples exhibit characteristic sponge-like structures [15, 19, 32, [34] [35] [36] , with the formation of air pockets, which enhance the superhydrophobicity. Samples differ in the density of the sponge-like structures. In fact, it appears 
The SEM images of coated samples 2 and 7 (Table 1) , acquired at different magnifications (125-500,000×) are displayed in Figures 14 and 15 , respectively. It highlights that at the lowest magnification (125×), both samples exhibit characteristic sponge-like structures [15, 19, 32, [34] [35] [36] , with the formation of air pockets, which enhance the superhydrophobicity. Samples differ in the density of the sponge-like structures. In fact, it appears that sample 7, having higher roughness (i.e., 2.8 µm) generates air pockets that are more densely packed than the less rough sample 2 (Ra = 0.4 µm). In spite of this difference, both samples exhibit contact angles of 158 • (see Figure 8 ). At the highest magnification (500,000×) (Figures 14 and 15) , the hierarchical micro-and nano-structures appears, highlighting for both samples the dimension of the nanoparticles employed to formulate the coating, namely, about 30 nm in diameter. Therefore, in spite of the intrinsic roughness and the macroscopic density of the sponge-like structure, the generated air pockets made of multiscale roughness (microand nano-meter in dimension) guarantee the superhydrophobicity, i.e., contact angles of 158 • . The surface 3D profilometry of coated samples 2 and 7, having actual roughness of 0.4 and 2.8 µm, respectively, were reported in Figure 16a ,b; whereas Figure 16c,d show the corresponding references, having roughness of 0.8 and 4.0 µm, respectively. In the insert, the pictures representative of the water contact angles were also shown. It highlights that all samples exhibit a macroscopic needle-like morphology deriving from the specific textured roughness, and there are no differences in the needle-like morphology [36] for each series of samples (compare Figure 16a with Figure 16c , and Figure 16b with Figure 16d ). The reference with low roughness (see Figure 16c ) does not exhibit the Cassie state, the surface area in contact with the water droplet is high, and consequently the water contact angle is low (50 • ). When the reference roughness increases to about 4 µm (see Figure 16d ), the relative distance between the surface irregularities and the related height allow the contact angle to increase to 115 • . The increase of the water contact angle due to the increased roughness alone can be ascribed to the MORPHOLOGICAL EFFECT. By comparing coated samples with the corresponding references, it highlights that, although the needle-like morphology and the corresponding roughness do not change, the water contact angle increases from 50 • and 115 • , respectively, to 158 • , as a consequence of the chemical modification of the surface (CHEMICAL EFFECT). Finally, by comparing the two coated samples (see Figure 16a ,b), it must be noticed that, in spite of the different actual roughness, i.e., 0.4 and 2.8 µm, for the samples 2 and 7, respectively, both of them exhibit the same water contact angle, namely, 158 • . Hence, in conclusion, it seems that the chemical effect prevails on the morphological effect. The surface 3D profilometry of coated samples 2 and 7, having actual roughness of 0.4 and 2.8 µm, respectively, were reported in Figure 16a ,b; whereas Figure 16c,d show the corresponding references, having roughness of 0.8 and 4.0 µm, respectively. In the insert, the pictures representative of the water contact angles were also shown. It highlights that all samples exhibit a macroscopic needle-like morphology deriving from the specific textured roughness, and there are no differences in the needle-like morphology [36] for each series of samples (compare Figure 16a with Figure 16c , and Figure 16b with Figure 16d ). The reference with low roughness (see Figure 16c ) does not exhibit the Cassie state, the surface area in contact with the water droplet is high, and consequently the water contact angle is low (50°). When the reference roughness increases to about 4 µm (see Figure 16d ), the relative distance between the surface irregularities and the related height allow the contact angle to increase to 115°. The increase of the water contact angle due to the increased roughness alone can be ascribed to the MORPHOLOGICAL EFFECT. By comparing coated samples with the corresponding references, it highlights that, although the needle-like morphology and the corresponding roughness do not change, the water contact angle increases from 50° and 115°, respectively, to 158°, as a consequence of the chemical modification of the surface (CHEMICAL EFFECT). Finally, by comparing the two coated samples (see Figure 16a ,b), it must be noticed that, in spite of the different actual roughness, i.e., 0.4 and 2.8 µm, for the samples 2 and 7, respectively, both of them exhibit the same water contact angle, namely, 158°. Hence, in conclusion, it seems that the chemical effect prevails on the morphological effect. Figure 17 shows images related to the cutting and tape test performed on coated sample 7. In detail, Figure 17a shows the picture after the cut and Figure 17b shows magnification of the surface after the test. The shape of the water droplet in Figure 17c highlights that the superhydrophobicity was preserved after the test too. It must be noted that, according to the ASTM D 3359-09 [30] , the test was passed, since quite no detached flakes of coating could be observed. This result was classified as 5B [30] .
Cutting and Tape Test
Aerospace 2020, 7, x FOR PEER REVIEW 15 of 17 Figure 17 shows images related to the cutting and tape test performed on coated sample 7. In detail, Figure  17a shows the picture after the cut and Figure 17b shows magnification of the surface after the test. The shape of the water droplet in Figure 17c highlights that the superhydrophobicity was preserved after the test too. It must be noted that, according to the ASTM D 3359-09 [30] , the test was passed, since quite no detached flakes of coating could be observed. This result was classified as 5B [30] . 
Low Temperature Wettability
A preliminary test about the wettability at low temperature of the developed coating was performed by freezing (at −27 °C) a few water droplets placed on both reference and coated sample 2 (pictures in Figure 18 ). It is interesting to note that the shape of the water droplets, and then of the wettability, does not change with freezing, and consequently, the coated samples display a reduced surface area in contact with the substrate if compared with the reference. 
Conclusions
In the present work, the authors studied the wettability of a new developed superhydrophobic coating applied with a layer-by-layer approach as a common aeronautical livery, that can be potentially employed as a passive anti-icing system for aeronautical applications.
It was found that the wettability of the uncoated samples decreases as the roughness increases achieving a value of about 115° for Ra = 4 µm. The increase of the water contact angle due to the increased roughness alone can be ascribed to the morphology changes (MORPHOLOGICAL EFFECT). Instead, high values of contact angle, i.e., about 158°, were achieved only after the application of the coating, regardless of the substrate roughness, ranging from 0.4 to 3 µm (CHEMICAL EFFECT), so highlighting that the chemical modifications prevail on the substrate morphology.
The coating's application reduced the SFE and WA by 99% and 94%, respectively, with respect to the reference. Finally, a preliminary test about the wettability of the developed coating at low temperatures showed that the reduced wettability of coated samples was preserved also at −27 °C. In this regard, future research will be addressed to characterize the developed coating in severe environmental conditions simulating real flights. 
Low Temperature Wettability
A preliminary test about the wettability at low temperature of the developed coating was performed by freezing (at −27 • C) a few water droplets placed on both reference and coated sample 2 (pictures in Figure 18 ). It is interesting to note that the shape of the water droplets, and then of the wettability, does not change with freezing, and consequently, the coated samples display a reduced surface area in contact with the substrate if compared with the reference. Figure 17 shows images related to the cutting and tape test performed on coated sample 7. In detail, Figure  17a shows the picture after the cut and Figure 17b shows magnification of the surface after the test. The shape of the water droplet in Figure 17c highlights that the superhydrophobicity was preserved after the test too. It must be noted that, according to the ASTM D 3359-09 [30] , the test was passed, since quite no detached flakes of coating could be observed. This result was classified as 5B [30] . 
Cutting and Tape Test
Low Temperature Wettability
Conclusions
It was found that the wettability of the uncoated samples decreases as the roughness increases achieving a value of about 115 • for Ra = 4 µm. The increase of the water contact angle due to the increased roughness alone can be ascribed to the morphology changes (MORPHOLOGICAL EFFECT). Instead, high values of contact angle, i.e., about 158 • , were achieved only after the application of the coating, regardless of the substrate roughness, ranging from 0.4 to 3 µm (CHEMICAL EFFECT), so highlighting that the chemical modifications prevail on the substrate morphology.
The coating's application reduced the SFE and W A by 99% and 94%, respectively, with respect to the reference. Finally, a preliminary test about the wettability of the developed coating at low temperatures showed that the reduced wettability of coated samples was preserved also at −27 • C. In this regard, future research will be addressed to characterize the developed coating in severe environmental conditions simulating real flights.
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